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H. Uyo, M.D.,t K. ADACHI, M.D., PH.D. AND W. MONTAGNA, PaD.
Histoehemical studies have shown that the
external sheath of growing hair follicles in man
and animals stores considerable amounts of
glycogen (1). However, no one seems to have
measured the amount of glycogen in hair fol-
licles, although numerous measurements have
been made in the epidermis and in the whole
skin (2). Since Ohkawara and Halprin (3)
have shown that a strong PAS-staining reac-
tion indicates a glvcogen concentration of 100
rng% or above, the assumption is made that
hair follicles contain at least 100 mg% of glyco-
gen.
In this study, we determined the content of
glycogen in hair follicles, using a specific and
sensitive method developed by Passonneau
eta?. (4).
MATERIALS AND METHODS
Fresh skin, 1 )< 2 cm, was obtained from the
occipital region of an adult stumptailed macaque
and of a 90-day rhesus fetus. They were quickly
frozen on dry ice and cut in the cryostat, 50 in
thickness. The sections were then dried under
vacuum (5).
Human follicles were obtained by plucking
from the scalps (6) of 2 adult Japanese who were
not bald. They were frozen on dry ice and frozen
dried preparations were made. Specific parts of
these frozen-dried tissues were dissected free
hand under the stereomicroscope and used to
measure gvcogen (Fig. 1). Each dissected tissue
was weighed on a fish-pole microhalance (5) and
pooled for subsequent ana'ysis. The average
weights of the dissected tissues were 3 mg for
adult and 50 g for fetal epidermis; 50 g for
adult and 30 pg for fetal outer root sheath; 100
g for adult and 50 g for fetal hair bulb; and
300 g for adult telogen follicles. Glycogen con-
tent was determined according to the method of
Passonneau et at. (4) except that the measure-
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ments were performed on a half-scale volume
(0.5 ml), and the dissected tissue samples were
used after they had been heated at 100° C for
S mm. in 0.05 M imidazole-HCI buffer to elimi-
nate any endogenous enzyme system that might
interfere with the analysis.
RESULTS
The results are summarized in Table II. The
mean value for the adult anagen hair sheath
includes the values for both the stumptail
macaque and for man. The glycogen level in
stumptail macaque was 2.77% (±0.22 S.E.,
n 6) and in man, 2.93% (±0.21 S.E., n =
11). (All values in this paper represent per
cent of dry tissue.) There being no statistical
difference between these 2 values (P 0.6),
the data are combined in the table. The mean
value for glycogen in adult telogen follicles
was based on the determination of human
telogen follicles.
In general, the concentrations of glycogen
are much higher in fetal epidermis and hair
follicles than in adult skin. The external root
sheath of hair follicles of both fetus and adult
contains remarkably high glycogen levels. In
adult skin, the glycogen levels show wide
variation, depending on the site. Adult resting
follicles contain only one-tenth the amount of
glycogen found in the external root sheath of
the growing follicles.
DISCUSSION
Two methods are currently used for meas-
uring glvcogen in biological tissue. In one, gly-
cogen is measured after being isolated from the
biological sample (7, 8, 9). This method re-
quires large amounts of tissue (10), and
lacks sensitivity. In the second method, the
glycogen level is determined enzymaticallv
with phosphorylase, which provides both spec-
ificity and sensitivity (3, 11, 12). However, this
method also has a disadvantage in that phos-
phorylase attacks only d-1,4' glucosidic link-
ages and is not capable of splitting a whole
glycogen molecule without the aid of debranch-
ing enzymes. Therefore, it must be assumed
that both the sample glycogen and the standard
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FIG. 1. Sampling of tissue. This figure illustrates an example of free-hand dissection of
epidermis and of hair follicle from frozen-dried skin preparations. The anagen hair follicle
was further dissected to obtain the external sheath (excluding hair) and the bulb.
glycogen have similar molecular weights and
similar kinds of branching. Furthermore, it is
reported that when stored in solution, glycogen
tends to aggregate, which renders the phos-
phorylase reaction slow and incomplete (4)
_________ ________ _________ _________ This, in lurn tends to yield erroneously high
values.
The remarkable improvement of the en-
zvmatic method recently reported by Pas-
sonneau et al. (4) consists of the simultaneous
________ _______
use of debranching enzymes and phosphorylase
that split the whole glycogen molecule into
glucose units that can be measured fluoro-
metrically with sensitivity and specificity. This
nppears to be the only practical and reliable
method available for determining glycogen con-
tent in skin and its appendages.
In general, the biochemical data presented
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here correspond roughly to previous histo-
chemical findings. For example, the anagen
external root sheath shows an extremely
strong PAS-reaction so that only a flimsy
framework of cytoplasm remains (1), and this
strong reaction corresponds to approximately
3% of glycogen in the sheath. We have also
shown that PAS-positive granules are densely
packed in fetal epithelial tissue (13) where we
found 1 to 3% of glycogen. In telogen follicles,
PAS-positive granules are arranged in a dis-
crete fibrillar pattern in the cytoplasm (1),
and their moderately weak reaction corre-
sponds to 0.25% of glycogen. Adult epidermis
shows only minimal or no histochemical PAS-
reaction mid correspondingly contains only
0.018% of it. However, we observed a minor
discrepancy in the bulb of the adult anagen
follicle. Here, the PAS-positive material is
usually diastase resistant; hence the reaction is
considered to be due to mucopolysaccharides
(1). However, we found relatively large
amounts of glycogen in the bulb. Perhaps
rnucopolysaccharides interfere with the reaction
for true glycogen when there is a higher con-
centration than glycogen in the tissues.
SUMMARY
The content of glycogen in 30 to 300 jig of
microdissected hair follicles from human and
subhuman primates was determined with a
recently improved enzymatic method. Adult
hair follicles contain approximate'y 3% of gly-
cogen; in the external sheath of anagen fol-
licles there is 2.8%; in the anagen bulb, 0.44%
and in the telogen epithelial sac, 0.24%. The
glycogen content of the sheath and bulb por-
tions of the fetal hair follicles was 3.3 and 1%
respectively. There is very little glycogen in
the epidermis. In general, glycogen concentra-
tions correspond approximately to the inten-
sity of the PAS-reaction in the specific sites
of the skin.
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